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I. I n t r o d u c t  ion  . 

RI 1 the r c m t s  b lower  t-oughing 5tat i o n s  aroi-lnd t h e  FIGS ~ t-ingj and 
HEBTs have been  replaced w i t h .  t h e  Sargent-Welch (S-W) 41a8 l/s horiz- 
i=in%al turbopumps i n  t h e  last 4 y e a r s .  Flverage pt-esrjut-e of i*JW'-B 
Tcsrr- or less is desired i n q . t h e  iwiyoing vacctuni s y s t e m  upgrade I program, 
Tu?-bopumps w i t h  1 h i g h  pumping s p z e d s / c o m p r e s s i o n  Pat ios, l a w  blankcrFf 
pre5sjttre and less o i l  back- s t r eaming  will c e r t a i n l y  h e l p ,  bath ar, 
r-oughirrg pctmps and as h o l d i n g  ,pimps. 

The b l a n k o f f  pt -es -sure  arid . t h e  oi  1 backstreaming were rrieasur-ed 
at t h e  inlet  of t h e  turbopufrip u s i n g  a Hayard-glpet-t  ion gauge ( E R G )  
arid an UTI CIQIB r e s i d u a l  g a s  a n a l y z e t -  (RGRS. T h e  t e s t  5etup is shown 
s c h e m a t i c a l l y  i n  * F i g .  1. (a) T h e  E(FIG-5 w e r e  c a l i b r a t e d  .for a b s o l u t e  
s e n s i t i v i t y  a g a i n s t  a s t a n d a r d  s p i r t  r o t o r -  gauge, The RGFI w a s  used 
a5 received and  t h e  peak  h e i g h t s  repre5;en.i; t he  r e l a t i v e  aburidartce 
ix11y. T h i s  U T I  RGR has s e n s i t i v i t y  dowrt t o  18"-13 T o r r  and  is 
extremely u s e f u l  i n  deterr i1ining t h e  c o m p o s i t  i o n  of t h e  r e s i d u a l  
gas i n  t h e  vacuurii .~iysterii. 

To. measure t h e  pumping s p e e d  and  t h e  compressiexi rat i o  OF t h e  
.1; urbriptrriips a+ . d i f  f ererrt pressw-es, a s t a r t d a r d  Fischer-Momms~~n dorms* 
(FiE. 1. ( b )  1 w a 5  used. This  dome 15 rnsunted at t h e  inlet of t h e  turbo-  
pl-krilp, a n d  c c m s i s t s  o f  an upper g a s  i n l e t  chambet- and a lower m e a s u r i n g  ' 
chambet-, These t w o  chambers are s e p a r a t e d  by a n  u r % i f i c e  w i t h  a 
c a n d u c t a n c e  C o f  8. E35 l/s for nitrogen. High p u r i t y  (39.9%) n i t r o g e n  
m- trydrl=igen w e t 5  f e d  intcc t h e  uppet- charnber tht-uugh a s e r v o - d r i v e n  



b l e e d  v a l v e ,  which 'maintains the vaxcuurlt of t h e  l o w e r -  chamber- a t  a 
des i r - ed  level be tween  1@"-3 Torr- and iQI"-3 Tcrrt- f r ~ r  measuremant, T h e  
t o t a l  gas f l u w  G! in to  the l o w e r  chamber- i5 c a l c u l a t e d  by 

G! = c x PI. - P" I - 1  

0 
het-e C is t h e  c a n d u c t a n c e  of t h e  or i f ice  f o r  t h a t  gas; P1 a n d  .Pi2 at-@ 
t he  p r e s s u r e  o f  t h e  u p p e r  and t h a  l c t w e r  chanrbers, r e s p e c t i v k l y .  The 
puwping s p e e d  o f  t h e  . t u r b o p u m p s  is t h e n  g i v e n  by 

The  compression rat i o 2  K of t h e q  tus-bopump i a  g i v e n  by P3/PEI, h e r e  
P3 is t h e  inlet pressure OF t h e  r i iechanical  pump. The accura7.y cif 
t h e  measut-ed r\ v a l u e s  is l i m i t e d  by t h e  b l a n k s f f  prer;si..tre irsf t h e  
r i iechanical  purlip and by t he i  l a c k  of gas a n a l y s i s  a t  the i n l e t  o f  I 

~e c h an i ca 1 p u r l i  p . 
I P I . Measurement 2nd .Rerjul t 

W e  have  tested f i v e  d i f f e r e n t  tu rbupumps:  
a. a S-W 408 .1/s a f t e r  two-yearsy i n t e n s i v e  I J S ~  at E7 f o r  IPM 
h. a s p a r e  S-b! 4li118 l/s i n  , t h e  vacuurti l ab .  
c. a brand new Ealzer 17Q1 I/s.designated for  HITL 
d. art used  Ea l r e r  1 1 8  111; 
e. an used B a l z e r  278 l/s which c t -ashed  i n  t h e  ri i iddle of test 

T h e  foi Inwing  operat ion c o n d i t  ioris w e r e  u sed  i n  ctur h l + n k u f  f 
rileas i..rt-emerit : 
a. as t-erncjved f raw d i f f erent sy5.l; erns ; pump dawn , 
b. irrsiitu b a k e  of l ; h e . . t u r b o  hctdy arid t h e  rnar t i f s ld  a t  ', 18G3'C for 

G-43 hCILw5 to r e i n m e  o i l  cantartiinat ion; v e n t  t o  a i r .  fo r  one day; 
purnp dawn 

c. r m  .ven.l; be tween  l u p e r a t i o n s ;  v e n t  t o  air Pcw cvie d a y ;  pump dowi 

f I I$L The . U l . t  irilate T o t a l '  arid P a r t  iaf. P r e s s u r e ,  

The ptirnpcluwn o f  each .I;urbopump over- sevet-af. clays was fo l  lowed 
by t h e  BRG and the RGFI. T y p i c a l  R G 9  s p e c t r a  are showrc irc F i g .  22" 
The rflajsr peaks from hydrogen ,  w a t e r ,  a i r  and o i  1 v a p o r  are Label l e d .  
The to ta l  p r e s s u r e  readings o f  the ERG and  t h e  p e a k  h e i g h t s  of  the 
RGFI 5pectr-a a5 a f u n c t i u n  o f  I pumpdctwn time are p l a t t e d  i n  F i g  J ( a ) -  
3 ( d ) .  R 1 l ' ~ t h e s e  turbt=ipumps are c a p a b l e  o f  r e a c h i n g  l a w  18"-k3 Tar-r 
i n  less t h a n  o r e  day. H o w e v e ? r  t h e  p a r t i a l  p r e s s u r e  l e v e l s '  a ~ e  s i g r l i f -  
i c a n t l y  d i f f e r e r r t  film one t o  t h e  a t h e r ,  a5 w e l l  as be tween  vent and  
rm vent; o f  *he SPME turbopump.  Far t h e  S-W turbOpU111p5, t h e  oil  p a r - t i a l  
p r e s s u r e ,  as measured by peak  h e i g h t  of  3mas;s 41 (niajcw peak frctm t h e  
ct-actzing o f  m e c h a n i c a l  pump. ai l l , ,  is a b o u t  f i f t y  times l c t w e t -  i f  
.f; h e  t urbopump i. s vented bet ween I operat i o n  as cantpared t u  no, v e n t  
(curve #E: vet-sus curve #1 i n  F i g  . 3 ( b )  ) "  R f t e r  i n s i i t u  bak.e at  11218 C, 
f u r t h e r  r-educt.ion of abctut ten t irnes i n  the o i  J. p a r - t i a l  p r e s s u r e  was 
obser-ved i ri t h e  S-W turbupumps.  

The d i f f e r e n c e  be tween t h e  S-Wy5 arid t h e  Balzer's is small i f  
b a t h  are b a k e d  and vented. The Balze~ ones clearly can achieve L o w e r  

a 



u l t i r i i a t e  pressure ( i n  t h e  l o w  i8"-9 T o r r  r a n g e )  t h a n  t h e  S-W o n e s .  
This is due 4 t o  t h e  a1 1-metal currstr-uct ion  and  t h e  all-metal seals 
u s e d  - in  t h e  Ralzer pimip, which h a v e  rni-tch l o w e r  h y d r o g e n  and w a t e r -  
a u t g a s s i n g .  .The t i g h t  t o l e r a n c e  bekween t h e  B a l z e r  t u r b o  b l a d e s  
g i v e s  h i g h e r  c o m p r e s s i o n  r a t i o  which  also h e l p s  tct achieve , b e t t e r  I 

i - t l t  imate vacuurii. The  pu'esence o f  imre hydruyen  a n d  water is riot 

d e s i r a b l e  but  is n o t  d e t r i r i i e n t a l  p since t h e s e  S-W turbi~purnps .  are 
m a i n l y  used a5 r o u g h i n g  pumps. 

M o s t  t ut-bopumps s h o u l d  h a v s  a ,cormtar& pumping speed at the 
rmXecular Flow region w h i r h  io < lrZI+*-4 T o r r  i n  the p r e s e n t  qeumekt-y, 
The measur-eb purnping s p e e d s  at d i f f e r e n t  p r e s s u r e s  are p l o t t e d  i n  
F i g  4. The  n i t r o g e n  p imping  speed  o f  , t h e  Balzeln tulnbopurnp is f a i r l y  
ccwstant aver- a w i d e  p r e s s ~ u - e  range, w h i l e  t h a t  US: the S-W 
d r o p s  rJfF at b o t h  e n d s .  The h y d r o g e n  pumping s p e e d  of b o t h  
dr-sps oFf  r - a p i d l y  at  t h e  h i g h  and t h e  l o w  p r e s s u r e  ~ r ~ d ~ i ,  and is 
niairrly d u e  t o  non-molecular Flow and  backs t r ea rn ing .  

Tho c o m p r e s s i o n  ra t  i o  is a .  funct  i n n  of geomet ry ,  t h e  t u r b o  rprfl 
and  the , muleci.rlar mass. The blankosf.fr p r e s s u r e  o f  t h e  mechanical pump hl  

i s .  t y p i c a l  2y a rcund ,  i*lQI'**-c" Tart- which * l i n r i t s  t h e  accu r -acy  of the 
measured cumpression rat io. N e v e r t h e l e s s ,  nominal v a l u e s  are obta ined  
as fo l  l a w i n g :  

COMPRESSION RQTIO K (I@̂ -& to 18"-4 Tctrr) 

The fJlea$ured K v a l ~ t e 5  f o r  ri l-kt-ogen of b o t h  t y p e s  of . turbopumps 
are riittrh l o w e r  t h a n  % h e  manufac ture ln9  s s t a t e d  v a l u e s  of ."'18̂ " 4 a n d  I 

m igh t  b e  d u e  t o  c h a n g e s  i n  gas; c m i p o s i t i a n  at  t h e  i n l e t  of t h e  
i'lle t b arr i c a Z p ct rii p . 
XU. Surnmas-y. and t h e  P r o p o s e d  Upgrade  

The h i g h  vacui-tni campat  i b i  1 i t y  and t h e  o p e r a t  ion pr -ocedures  o f  
our pr'vz%zwit rciugh i n g  s ta t  icw, t h e  S-W 480 1/s h o r i z o n t a l  tcirbopttrrrp, 
w e r e  quest i a n e d  .by s e v e r a l  p a r t  i e i p a r i t s  o f  i; h e  FSGS Vacuum Workshop 
h e l d  i n  O c t a b e r ,  1'385, which gave t h e  in i t ia l  m o t i v a t i o n  WE t h e  
p r e s e n t  i n v e s t  i q a t  ion.  The infixvflat ion o b t a i n e d  can b e  surnrnarized 
as f o l l o w i n g :  

1. The ultima.te (blauik.oFf) prcssure of' t h e  S-W .ti-tr-bcipumps is at low 
I .'*. - 8'Turr w h i l e  t h a t  o f  t h e , . B a l z e r  t u rbopumps  is at  l o w  l@*'-3 T o r r .  

2. I n  t h e  S-W turbopuriips, t h e  l e v e l  of o i l  c o n t a m i n a t i o n  ran b e  
reduced by a fac tor  of fi@3223, i F  the, tu rbopump and t h e  manifcald are 
baked p e v - i o d i c a l  Zy and  vented between uper-at ion. The  level of oil 
can ta r i i i na t  i o n  o f  t h e  B a l z e r  t u rbopumps  is sl i q h t  l y  b e t t e r  t h a n  
that- uf t h e  S-W ones; i f  both are baked *arid v e n t e d . '  



3. The purzrping s p e e d s  far rritr-cvgen o f  t h e  S-W mies and the Ecafzer- 
risr:es are abaut 908 l/s arid 1438 X / s y  r e s p e c t i v e l y  i n  18*?-7 t o  llZl”-4 
T o r r  range. The c u m p r e s s i o n  rat  i u s  o f  t h e  Ealzer turbopumps are 
h ighe l -  t h a n  t h o s e  crf %he S-tJ ones and are d u e  to h ighe t -  rpni arid 
-t iqhter-9 tolet-arice, which r e s u l t e d  i n  b e t t e r  ultirnate pressure. 
However the rmre rugBed coristri-rct ion o f  the S-W turbopump w i  1 I 
e n a b l e  i t  to s u r v i v e  u n d e r  s e v e r e  opet-at  isrtal cciridit i cms  s u c h  as 
human e r r c i r -  or niajsr Leaks;. 

0 

Based or1 the above irtfarma-t iwr, t h e  f o l l o w i n g  riiodif icat icinEi .,m 
t h e  existing rnoughing . s ta t  i o r ~  are p lanned /p rc tpased  : 

1. T h e  cost ( a b o u t  half mi 11. i o n  d o l l a r s )  of r e p l a c i n g  t h e s e  38 
r o u g h i n g  stextioris w i t h ’  t h e  b a l z e r  l3r1e5 or e q u i v a l e n t  I can’ t b e  
jctst; i f i e d  ~ m 3 e l y  o n  t h e  betlet- ’  u l t  irnate pressi- t re ,  since t h e y  are 
u s e d  mainly during pump down and  cund i t ;  i a n i n g  ion pimps. H a l z e r  
%ut~bcipumps or e q u a v a l e n t  s h o u l d  c e r t a i n l y  be used . ,  a5 h o l d i n g  
pumps. 

i3 Through t h e  e x i s t i n g  martifold arid. t h e  c n l d  trap, t h e  a v a i l a b l e  
pumpirrp tipeed OF t h e s e  r~iughinq,Btations is less than 2@ l/s: F1 
n e w  rrrariifold . w i t h  h i g h e r  cc induc tance  and wikhou t  t h e  colds t r a p  * is 
needed  t o  increase the a v a i l a b l e  pumping s p e e d .  Components fot- 
S a k i n y  arid v e n t i n g  are also r e q u i r e d . *  

3. To minimize a i l  backs t rear t i ing ,  each r o u q h i n g  stat; iort ( b o t h  
*tut-bo and rmnlfold) s h ~ ~ l d  be baked> t o  188°C p e r i a d i c a l l y  ti. e., 
e v e r y  2-3 rtlonths). Q 5-8 hciur b a k e  is n e e d e d  t o  heat up the rut-ur 
b 1 ad e% t h t - e o  u g h r a d  i at i on I 

4. The i n t e r l o c k  of t i i rbo  operat i n n  w i t h .  vacuurii gauges arid the 
aul;miat ical ly d e l a y e d  . v e n t  after t u r b o  o f f  h a v e  b e e n  implemented  
i n  the vacuurt-i ins2;rurncsntaticlrt I upg rade ,  which w i  11 h e l p  3 pi-everit t h e  
hunian error amd rn in iwize  the ai 1 backstreaming.  

4 
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